We have investigated organic light-emitting diodes (OLEDs) with a structure of field-effect-transistor (FET) using MgAg as source and drain electrode, respectively. These devices were found to present both a typical switchable behavior of FET and an electro-optical transfer characteristic of OLEDs. Five organic layers were employed in devices that were expected to play each role for OFET and OLED, respectively. In a result, the FET unipolar behavior has been demonstrated experimentally. Furthermore, FET characteristics were discussed based on an equivalent circuit. *
Introduction
Organic semiconductor devices have received much attention due to intensive applications of organic light-emitting diodes (OLEDs) in lightening, flat panel displays, and optically pumped organic thin films in stimulated emission [1] [2] [3] . Besides, organic field effect transistors (FETs) based on organic thin film or single crystals (such as tetracene, pentacene or rubrene) are also one of the topics that have attracted great attention in these years [4] [5] [6] [7] . Furthermore, some research groups have reported field-effect transistor (FET) driven OLEDs and organic light-emitting transistors (OLETs) [8] [9] [10] [11] [12] . Since transistors can control the amount and the species (hole or electron) of injection carriers by the third electrode and employing OLETs will make drive circuits of displays simpler than using organic light-emitting diodes, OLETs are expected to become promising in the fields of high performance light-emitting devices. However, since the emission in OLETs mainly radiate toward the edge of film or crystal under wave-guided, the light intensity is relatively weak and emission spectrum is difficult to observe [13] . Furthermore, the integration of two kinds of devices (OFET and OLED) on a substrate has been reported [14] .
In this paper, we reported an OLED with a FET structure by which will overcome the disadvantages of OLETs, such as edge emission and light quenching near metal drain electrode.
Compared to TFT driven OLEDs, our devices present both a unipolar FET behavior and an electro-optical transfer characteristics of OLEDs. The FET behavior has been observed from an OLED with a strong surface emission mode.
Experimental
We have developed a type of OLED with a FET structure, as shown in Fig. 1 . For top -contact configuration we defined, as shown in Fig. 1 , a indium-tin-oxide (ITO) glass substrate with 150 nm was served as a gate electrode, and a 150 nm of MgAg as both drain and source electrode. The structure of organic layers in devices is 2,5-bis(6'-(2',2"-bipyridyl))-1,1-dimethyl-3,4-diphenylsilole (PyPySPyPy, 80nm) / bathocuproine (BCP, 10nm) / tris(8-hydroxyquinoline)aluminum (Alq, 30nm)
triphenylamine (2-TNATA, 220nm). We selected 2-TNATA to function as a hole injection and transport layer, and PyPySPyPy as electron transport layer, due to their relatively high carrier mobility [15] [16] , for which the devices with 400 nm of organic layers can be operated under high voltages without degradation. In addition, the BCP was employed as a hole block layer to prevent hole leak into electron transport layer. These organic layers and MgAg electrode (9:1 mass ratio) were processed by thermal deposition. The deposition rates were typically 0.1 nm/s and 0.5 nm/s for organic materials and metal cathode, respectively. 
Results and discussion
These devices exhibited typical OLED characteristics when applying voltage on source and gate contact. The electric and luminescence characteristics of OLED were showed in Fig. 2 . An OLED (size: We have established an equivalent circuit to discuss the FET behavior. Similar to one OLED [17] , the equivalent circuit of the device with top-contact configuration used in this study can be schematically described in Fig. 4(a) . The internal resistance of organic layer for source-drain contact, source-gate contact and drain-gate contact in device was assumed to be r, R 1 , R 2 , respectively. We described the currents of three contacts, I D , I G and source current (I S ) using the following expression:
In Eq. (1), the I S is considered to be equal to the negative of the sum of I D and I G , which have been recorded experimentally. We plotted the relative change of I S at some V D = V with respect to the value of I S at V D = 0 V against the gate voltages, as shown in Fig. 4(b) . It was clearly observed the V D dependence of I S at a low drain voltage region, as described by Eq. (1), although the value of I S is at the order of μA. This demonstrates that a FET behavior has been obtained in addition to OLED characteristics, particularly at the low drain voltage condition. Moreover, it is noted that the I S will reach a saturated state when drain voltage increases up to when OLED characteristics is more significant.
Conclusion
In summary, we have reported the characteristics of OLED with an FET structure. The typical FET behaviors in an OLED were obtained from these devices. The unique electric characteristics both OFET and OLED were analyzed. The five layers of organic semiconductors are believed to play different role in OFET and OLED, respectively. Furthermore, its mechanism is presented based on an equivalent 5 circuit. The works to investigate the change in recombination zone of device and improve device performance are in process. 
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